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Description 

[0001 ] This invention relates to a light source which is 
an incoherent or non-laser light source for use primarily 
but not exclusively In cosmetic or medical applications. 
[0002] Lasers have widespread uses in the treatment 
of the human or animal body, which uses may be of a 
therapeutic and/or cosmetic nature. For example, laser 
light can be used to kill cancer cells or for treatment of 
portwine stains and removal of tattoos. However, med- 
ical lasers tend to have many disadvantages. Firstly, 
some medical lasers for certain requirements can cost 
up to a one hundred and forty thousand pounds or more 
and may require very bulky power supplies and/or bulky 
transfomiers in addition to Involving complex or incon- 
venient cooling arrangements. Additionally, the power 
consumption by the laser may be very high and the laser 
itself may not be user friendly, for example, some lasers 
may require a one and a half hour warm-up time before 
they can be used in certain applications and may have 
a similar shut-off period. Often, the laser itself may be a 
far more sophisticated piece of equipment than is actu- 
ally required for a particular task and therefore may be 
over suited to the task in hand. Some medical applica- 
tions do not in fact require the criticality offered by a laser 
although other acceptable light sources do not seem to 
have been developed to be used instead of a laser In 
such applications. 

[0003] Non-laser light sources have been developed 
for medical applications but such proposals have tended 
to be inefficient and generally unsuitable for the task in 
hand. For example, a paper from the Journal of Photo- 
chemistry and Photoblology B; Biology 6 (1990) 
143-148 on Photodynamic Therapy with Endogenous 
Protoporphyrin reports the use of a 500 watt filament 
light source for irradiation of cancerous cells. The light 
source was varied from 1 50 to 300 watts per square cen- 
timetre but spread over a very wasteful large bandwidth 
greater than 1 00 nm. Ttie filtering tended to be inefficient 
and unsuitable giving rise to tissue damage from ther- 
mal effects. 

[0004] Another proposal Is discussed in the "Photo- 
therapy of Human Cancers" In an article entitled 'Por- 
phyrin Localisation and Treatment of Tumors', pages 
693-708, 1984 Alan R. Liss, Inc. This article discusses 
the use of a filtered incandescent lamp having a 1 000 
watt filament source which is water cooled. The size of 
the apparatus Itself is large and tends to be inefficient 
also entailing considerable risk of skin damage because 
of high flux density. 

[0005] It is an object of at least some embodiments of 
the present Invention to provide an Incoherent or non- 
laser light source which at least alleviates one or more 
of the aforementioned, or other, disadvantages associ- 
ated with lasers or which is more suited to the particular 
task in hand than a laser. 

[0006] According to a first aspect of the present inven- 
tion there is provided an incoherent or non-laser light 



source comprising a high intensity lamp, a bandpass fil- 
ter and focusing means arranged to yield a light beam 
having an output intensity greater than 0.075 watts per 
square centimetre for a bandwidth In the range 0 to 30 
5 nm and preferably in the range 0 to 25 nm. 

[0007] Usually, the output intensity of said light source 
will be greater than 1 watt per square centimetre for a 
bandwidth usually in the range 20 to 25 nm. 
[0008] Preferably, the light source Is tunable over a 
10 range of at least 350 to 700 nm and usually over a range 
of 250 to 1100 nm. Preferably, the output beam is fo- 
cused sufficiently so that light can be delivered by way 
of an optical fibre means or bundle to its point of action 
and said beam may be focused down to a 6 mm or less 
diameter. 

[0009] In one embodiment of the present invention, 
the light source may be arranged to yield a beam with 
an output intensity of 6 watts per square centimetre at 
a bandwidth of 20 to 25 nm. The lamp may be a metal 
halide lamp. 

[0010] Alternatively, the lamp may be a high Intensity 
high-pressure xenon, short arc lamp or any lamp pro- 
ducing intense light over a continuous spectrum. It is en- 
visaged that an extended light source such as a filament 
would not produce the required intensity due to filament 
diversions. In this context a short arc lamp would appear 
to be the best option yet available and may be for ex- 
ample of only 300 watts or 500 watts, but preferably less 
than 1 kW due to heat output and arc length. Preferably, 
the beam divergence of the lamp Is very low. for example 
In the order of 4° FWHM with a beam stability preferably 
in the order of 1%. Preferably, the lamp is adapted (for 
example by coating various parts thereof) to remove ul- 
tra-violet (UV) radiation from the light beam emerging 
from a lamp window. 

[001 1 ] The focusing means, preferably, comprises an 
aspheric lens and said lens Is preferably anti-reflection 
coated. 

[0012] The bandpass filter may be at least 50% or 
65% efficient and is preferably 80% efficient or greater 
(e.g. 91%) for light within the transmission bandwidth. 
[0013] A dichroic "hot mirror" may be provided to re- 
move infrared radiation from the beam. 
[0014] A variable attenuator grill may be provided in 
order to vary the power output of the light source. 
[001 5] The light source is, preferably, provided with a 
readily Interchangeable output window Incorporating a 
connection matching a connection on a fibre optic bun- 
dle. In this manner the window can be interchanged for 
one having a different sized connection for a different 
sized fibre optic bundle. The output window may be pro- 
vided in a screw cap. 

[001 6] A preferable embodiment of the present inven- 
tion provides a portable light source. The size of the light 
source may have overall dimensions of 15" by 10" by 
6". The light source may be provided with a power sup- 
ply connected to the lamp (preferably a xenon arc lamp 
or metal halide lamp). A cooling fan is preferably provid- 
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ed at the rear of the lamp. The light source may comprise 
a control shutter positioned directly in front of the lamp 
(in an altemative arrangement the shutter may be pro- 
vided in between the bandpass filter and the aspheric 
lens) and followed by a dichroic "hot mirror" or other 
means to remove infrared radiation and then by the 
bandpass filter, aspheric focusing lens and variable at- 
tenuation means. The light source is preferably provided 
'With a control panel at the front thereof In order to oper- 
ate the control shutter for timed exposure as well as per- 
haps Incorporating manual override switches. The light 
source is, preferably, tunable by replacement of the 
bandpass filter and/or dichroic "hot mirror". If It is de- 
sired for the emergent beam to be in the infra-red region 
for example for treatment of hyperthermia the "hot 
mirror" can be replaced with a cold mirror to filter out the 
visible light. Additionally, the bandpass filter may be 
changed for one allowing light of a greater bandwidth 
(for example 100 or 200 nm) to pass through. 
[0017] Further according to the present invention 
there Is provided a non-laser light source comprising 
one or more of the following features: 

(a) means for supplying a (monochromatic) light 
beam suitable for delivery Into a fibre optic bundle, 
said light beam having a sufficient Intensity for a 
bandwidth useful In PDT (photodynamic therapy) 
and/or in cosmetic methods of dermatological treat- 
ment, 

(b) means for supplying a light beam of an intensity 
of at least 100 mW per square centimetre for a 
bandwidth in the range 20 to 25 nm, 

(c) means for providing a beam of intensity greater 
than .075 watts per square centimetre which is tun- 
able in the range of 250 to 1100 nm, 

(d) said light source being portable and air cooled, 

(e) means for delivering a (monochromatic) light 
beam to fibre optic bundles having different connec- 
tor sizes, 

(f) a bandpass filter of 60 to 90% efficiency or great- 
er in a narrow nanometer range (for example less 
than 25 nm), 

(g) facility for interchanging bandpass filters of dif- 
ferent characteristics, 

(h) said non-laser light source being suitable for 
medical applications in particular treatment of tu- 
mours and/or delivery of light suitable for photo-in- 
activation of cancer cells containing a drug having 
an absorption level in a narrow nanometre band- 
width, for example lying in the range 20 to 25 nm. 



[0018] Further according to the present invention 
there is provided a method of in vitro PDT, said method 
comprising delivering non-laser light of a sufficient in- 
tensity to kill cancer cells, preferably of an intensity 

5 greater than .075 W/cm2 and usually 1 0 to 200 mW/cm2 
for a bandwidth in the range 20 to 25 nm. 
[0019] Further according to the present invention 
there is provided a cosmetic method of treatment of der- 
matological conditions, for example comprising removal 

10 of portwine stains, tattoos or psoriasis, using an Inco- 
herent light beam from a non-laser light source emitting 
a high intensity beam having an intensity greater than . 
075 watts per square centimetre for a bandwidth in the 
range 0 to 25 nm, said beam preferably being delivera- 

15 ble by an optic fibre bundle, and said method preferably 
comprising pulsing said beam. For removal of portwine 
stains wavelengths of 575 nm may be used and for re- 
moval of tattoos, wavelengths of 620 nm may be used. 
The method may involve the introduction of a drug Into 

20 the body undergoing cosmetic treatment, said drug be- 
ing selectively activated by light of a particular wave- 
length. 

[0020] According to a further aspect of the present in- 
vention there is provided, a non-laser light source suit- 
es able for medical applications, which source is tunable 
over a bandwidth of 350 to 700 nm (preferably over a 
bandwidth of 250 to 1100 nm) and which is capable of 
focusing a light beam for fibre optic delivery at an inten- 
sity of 100 mW/cm2 for a bandwidth of 25 nm or less. 
30 [0021] Preferably, said light source Is capable of fo- 
cusing a beam at an intensity of up to 9 W/cm^ for a 
bandwidth of 25 nm or less. 

[0022] Usually, the light source will be provided with 
a timed exposure facility and it is advantageous for the 
35 beam to be as intense as possible below thermal dos- 
age and hyperthermia limits (a few 100 mW/cm^) since 
this will reduce the exposure time required. 
[0023] An embodiment of a light source in accordance 
with the present invention will now be described by way 
40 of example only, with reference to the accompanying 
drawings in which:- 

FIGURE 1 shows a much-simplified schematic over 
view of the light source, 

45 

FIGURES 2a, 2b, 2c show graphical data related to 
in vitro work, and 

FIGURES 3a, 3b show test results of the Applicant 
50 related to in vitro work. 

[0024] FIGURE 1 shows a high intensity incoherent 
or non-laser light source 1 in schematic form. Light 
source 1 includes a lamp 2 which may be a high inten- 
55 sity, high pressure, xenon, short arc lamp (for example 
of 300 or 500 watts output) which would normally pro- 
duce broadband ultra-violet, visible and infra-red radia- 
tion. Such a lamp has a beam divergence in the order 
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of 4° FWHM and a beam stability in the order of 1%. 
Such a lamp is marketed by ILC Technology of Sunny- 
vale, Canada. In this embodiment the lamp 2 is provided 
with a rear internal lamp reflector (not shown) and has 
a front window 2a which is a single crystal, sapphire win- 
dow. The reflector and window 2a are provided with 
coatings selected to remove ultra-violet radiation from 
the emergent light beam from the window 2a. Removal 
of the ultra-violet radiation prevents hannfu! ozone pro- 
duction. The xenon lamp 2 is provided with other various 
components of the light source in an exterior casing 3 
provided with a front control panel 4. A power supply 
unit 5 is provided to power the lamp 2 via electrical con- 
nection 2c and a rear cooling fan unit 6 is provided to 
cool the whole apparatus 1 . A solenoid activated control 
shutter 7 is provided in frontof the window 2a of the lamp 
and this control shutter is activated by a suitable control 
switch (not shown) provided on the control panel 4, said 
control shutter 7 being connected thereto by way of elec- 
trical connection 7a. Thus, the control shutter can be ac- 
tivated so that the light source can administer timed dos- 
es of 0 to 9999 seconds covering all medical exposures 
required. Manual operation and a manual ovenride to 
terminate a time exposure is also provided in the light 
source 1 which is operable from the control panel 4. The 
control shutter 7 is operated by an Inbuilt special pur- 
pose timer/controller. 

[0025] In this embodiment of the apparatus 1 , a dlch- 
roic "hot mirror" 8 is positioned in front of the control 
shutter 7 in the beam path and this acts to remove in- 
frared radiation from the beam passed by the control 
shutter 7 resulting in a relatively smooth visible broad- 
band beam in the range of 350 to 700 nm bandwidth at 
50 mW/nm. The emergent beam from the "hot mirror" 8 
impinges next upon a dielectrically blocked, high tem- 
perature bandpass filter 9 which selectively filters the 
light beam to produce an emergent beam of a much nar- 
rower bandwidth, preferably. In the order of 20 to 25 nm. 
Most importantly, In this example the bandpass filter is 
80% efficient at filtering the light lying in said bandwidth 
in order to enable a sufficiently intense beam to be pro- 
duced by the light source 1 which is suitable for various 
medical applications. Such a bandpass filter may be ob- 
tained from Omega Optical c/o Glen Spectra In Middle- 
sex. 

[0026] The beam emergent from the bandpass filter 
is in the order of 2 to 2.5 cm diameter and is then focused 
by an anti-reflection coated Fl aspheric lens 10 whtoh 
focuses the beam down to about 6 mm diameter at the 
output window 1 1 of the light source 1 . The coating itself 
may be a magnesium fluoride coating which reduces 
losses of for example 1 0 to 1 5% down to only 3% in en- 
ergy of the beam. The lens 10 is a tight variable angle 
lens and can be obtained from Ealing Electro-Optics of 
Watford. 

[0027] A variable attenuator means in the form of grill 
12 is provided, said grill being a plate which is rotatable 
about its own axis in order to vary the intensity of the 



output beam. Areas of the plate are provided with aper- 
tures (not shown) graduated in size according to the an- 
gle to which the plate is rotated to allow more or less of 
the beam through in order to vary the power of the output 

5 beam between zero and full power. Such a method of 
varying the power output of the output beam is prefera- 
ble to using a control on the lamp 2 itself and should 
extend the working life of the lamp. 
[0028] The output window 11 is provided in a screw 

10 cap 13 which can be fitted into the bulkhead 14 of the 
light source 1 . The screw cap 1 3 Is provided with a cen- 
tral tubular aperture matched to the connection end 1 5a 
of an optical fibre bundle 15 of 5 mm or less diameter 
and of 1 to 4 metres or greater in length. Thus, the lens 

15 1 0 is designed to minimise optical losses and spherical 
aberration and focus the beam sufficiently to enable de- 
livery of the light to its point of action by way of an optical 
fibre bundle. Such a fibre bundle may be obtained from 
Eurotec Optical Fibres, Doncaster. 

20 [0029] It is envisaged that the light source as de- 
scribed will be invaluable in all types of medical appli- 
cations where hitherto only a laser has been available. 
In particular the light source (which may be thought of 
as mimicking a laser) as shown is self-contained and 

25 portable, the extemal dimensions of the casing being in 
the order of 15" by 10" by 6", said light source being 
lightweight and robust unlike lasers required for similar 
medical applications. Additionally, the light source re- 
quires a very low electricity consumption particularly in 

30 comparison with a laser. 

[0030] The light source 1 as shown in Figure 1 can be 
arranged to yield a beam output from the cap 1 3 having 
an Intensity of 3 watts per square centimetre for a band- 
width of 20 to 25 nm and if the xenon lamp 2 is replaced 

35 by a metal halide lamp it Is believed that a beam intensity 
of 9 watts per square centimetre can be achieved for the 
same bandwidth. Delivery of light from the light source 
1 to the point of action may be by way of the fibre bundle 
15 and there may be considerable losses in intensity of 

^ the beam down the optical fibre bundle perhaps in the 
order of 50%. Losses can be improved by the choice of 
fibre bundle. In any event, the intensity of light delivered 
by the light source as described at the distal tip of the 
fibre bundle 1 5 may be in the order of 30 to 40 m W per 

45 nanometer over a bandwidth of 20 to 25 nm and this has 
been proven very effective in certain medical applica- 
tions where a laser would be required. For example, in 
the area of photodynamic therapy (PDT) there has been 
proven photo-inactlvation of cancerous Chinese Ham- 
so ster Ovary (OHO) cells in vitro with the haematoporphy- 
rin derivative HpD with the impinging light on the cells 
being in the visible band at 630 + 12 nm. Test results 
have indicated a similar ceil kill efficiency and quality of 
kill to that achieved by current medical lasers. Accord- 

55 ingly, some results obtained by the Applicant will now 
be discussed with reference to FIGURES 2a to 2c and 
3a. 3b. 



4 



7 



EP 1 340 520 A1 



8 



IN VITRO PPT TEST RESULTS 

[0031 ] In vitro work was carried out using Chinese 
hamster ovary (CHO) cells Incubated with 1 0 pg/ml HpD 
for 24 hours. Irradiation was centred on 630 ±_ 12 nm 
for three light sources, namely a high Intensity continu- 
ous wave (CW) lamp (non-laser light source In accord- 
ance with the present invention using 300W Xenon 
lamp), secondly a continuous wave 20 W argon Ion 
pumped dye laser and pulsed 10 W copper vapour 
pumped dye laser, all with fibre delivery. Light doses 
ranged from 0 to 2,5 J/cm^ with light fluences ranging 
from 20 to 200 mW/cm^, A light only control was taken 
at 275 mW/cm2 for energy doses of 0 to 1 00 J/cm^. Fol- 
lowing irradiation, cells were plated out, stained and 
counted for survival. 

[0032] FIGURES 2a, 2b, 2c show photosensitiser 
(HpD) absorption spectrum, cell kill efficacy spectrum 
and overlapping HpD/lamp spectra. PBS refers to phos- 
phate buffered saline; S.F. means survival fraction. 
[0033] FIGURES 3a, 3b show cell survival curves ob- 
tained at 20 & 50 mW/cm2 respectively with highest kill 
efficiency achieved by the argon ion laser, followed by 
the copper vapour laser. The lamp kill efficiency of the 
light source in accordance with the present invention, 
though similar to the lasers (approx 70%) would be in- 
creased by reducing its emission bandwidth from 30 nm. 
[0034] In PDT a drug (such as HpD) is introduced into 
cancerous cells, which drug absorbs light In a narrow 
bandwidth (for example 20 to 25 nm) only and the light 
source is set up to emit a beam only In that required 
bandwidth which for HpD is 630 ± 12 nm. Other drugs 
only absorb light of different wavelengths but once again 
in a narrow bandwidth and It Is an easy matter to arrange 
for the light source to emit light at a different wavelength 
but still within the same narrow bandwidth merely by 
changing the bandpass filter 9. In the arrangement as 
shown, the bandpass filter 9 would have to be removed 
from the light source and a new one inserted in its place 
but In a modification It Is possible that multiple bandpass 
filters could be Incorporated into a movable frame (for 
example a rotatable disc) In order for a different band- 
pass filter filtering out tight of a different wavelength (but 
within the same narrow bandwidth if required) to be 
quickly and easily presented in the beam path. 
[0035] In fact, the drug HpD has further selective at>- 
sorptlon bands at different bandwidths and different 
bandpass filters can be matched to these bandwidths. 
For example, HpD has an absorption band in the blue 
region and in the UV region at about 400 nm and at 
about 500, 540 and 570 nm. However, the shorter the 
wavelength, the less the penetration. More efficient blue 
light could be used for typographical or dermatologbal 
work (penetration approximately 1 or 2 mm). 
[0036] However, for large tumours or interstitial work 
5 to 1 0 mm penetration Is usually required and therefore 
light of tonger wavelength is required. 
[0037] Most importantly, the selection of a suitable 



bandpass filter from a range of bandpass filters provides 
a unique tuning facility for the light source. This feature 
itself is a very significant advantage over lasers which 
are set to emit light of one wavelength only and do not 
5 have such a tuning capacity. Thus, different medical la- 
sers are required for different medical applications 
where different wavelengths of light are required. With 
the light source 1 in accordance with the present inven- 
tion the same piece of apparatus can be used for differ- 
ent medical applications requiring different wavelengths 
of light to be employed (merely by changing the band- 
pass filter), once again providing an enormous cost ad- 
vantage and convenience over medical lasers. 
[0038] Thus, the light source 1 can provide variable 
bandwidth optrcal emissions centred on any wave- 
lengths from 250 nm to 1100 nm deliverable by optical 
fibre of sufficient intensity to initiate either in vitro or in 
wvo external/interstitial photodynamic therapy (PDT). If 
it is desired to deliver light outside of the visible region 
I.e. in the infra-red region between 700 nm and 1 1 00 nm 
or so this can be done by the light source 1 merely by 
changing the dichroic mirror 8 for a cold mirror which 
blocks the visible light but allows a light through in the 
bandwidth region 700 to 1100 nm. Therefore, the tuna- 
billty of the light source extends to the infrared for Hyper- 
thermia applications. Light of longer wavelength is gen- 
erally required for such applications since a better pen- 
etration can be achieved but a narrow bandwidth is not 
usually required. The bandwidth may be 200 or even 
300 nm. 

[0039] Overall, the light source 1 can be used in se- 
lective drug activation and the effective monochroma- 
tlclty of the output enables: 

1 . selection of biochemical absorption bands 

2. selective targeting of tissue 

3. variation of optical penetration. 

[0040] It is envisaged that the light source 1 could be 
developed for monofilament fibre delivery to treat Inter- 
nal carcinomas with PDT and the output of the light 
source could be pulsed to minimise thermal effects for 
treatment of portwine stains and tattoos. 
[0041] In summary, the present Invention provides a 
high Intensity incoherent light source which combines 
the advantages of a laser (i.e. directional monochromat- 
ic and intense beam) with the advantages of lamp tech- 
nology (i.e. low costs, simple design with reliability and 
a very broad tuning range). Thus, a portable device can 
be constructed which includes a fibre optic delivery sys- 
tem, said device being useful in a wide range of appli- 
cations, in particular medical applications (both medical 
and therapeutic) such as in photodynamic therapy, 
hyperthennia, and dermatological treatment such as re- 
moval of portwine and tattoo stains. Additionally, It is 
possible that the unit could be utilised in the area of di- 
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agnostics, although it has not been developed primarily 
for this. Thus, the present invention provides a light 
source yielding sufficient power within a narrow band- 
width suitable for PDT in addition to rendering the light 
deliverable via an optical fibre. 
[0042] The fibre bundle 1 5 may be arranged to deliver 
a Vi watt of light with steep-sided 25 nm FWHM band- 
width to a patient directly or via a special purpose 2-lens 
coliimating/focusing beamprobes or light conduits. 
[0043] The output power of the light source will usually 
be at least In the order of 100 mW/cm^. 
[0044] Still further according to the present invention 
there is provided a high intensity incoherent or non-laser 
light source comprising a lamp, a (bandpass) filter and 
focusing means arranged to yield a monochromatic out- 
put beam of intensity greater than .075 watts per square 
centimetre which Is tunable in the range of 250 to 11 00 
nm and which is preferably deliverable by a fibre optic 
bundle to a point of action. 

[0045] It is to be understood that the scope of the 
present invention Is not to be unduly limited by the par- 
ticular choice of terminology and that a specific term 
may be replaced by any equivalent or generic term. Fur- 
ther It is to be understood that individual features, meth- 
od or functions related to light source might be individ- 
ually patentably inventive. In particular, any disclosure 
in this specification of a range for a variable or parameter 
shall be taken to include a disclosure of any selectable 
or derivable sub-range within that range and shall be 
taken to include a disclosure of any value for the variable 
or parameter lying within or at an end of the range. The 
singular may include the plural and vice versa. 



Claims 

1 • A cosmetic method of treatment of demiatological 
conditions, comprising the Introduction of a drug in- 
to a body undergoing cosmetic treatment, said drug 
being selectively activated by light of a particular 
wavelength, and the irradiation of an affected area 
of the body using an incoherent light beam of said 
wavelength from a non-laser light source. 

2. A cosmetic method of treatment of dennatological 
conditions, comprising irradiating the affected area 
with an incoherent high-intensity non-laser light 
beam having an intensity greater than 75 mW/cm^ 
and a bandwidth In the range 0 to 30 nm. 

3. A method as claimed in claim 2, wherein a drug Is 
introduced into the affected area prior to irradiation, 
the dmg being selectively activated by light of the 
wavelength of said light beam. 

4. A method as claimed in any preceding claim, in 
which said beam is delivered to the affected area 
by optic fibre. 



5. A method as claimed in any preceding claim, where- 
in said beam is pulsed. 

6. A method as claimed in any one of claims 1 to 4, 
5 wherein said beam is a continuous wave. 

7. A method as claimed in any preceding claim, for re- 
moval of portwine stains. 

^0 8. A method as claimed In claim 7, wherein the beam 
Includes a wavelength of 575 nm. 

9. A method as claimed in any one of claims 1 to 5, for 
removal of tattoos. 

rs 

10. A method as claimed in claim 9, wherein the beam 
includes a wavelength of 620 nm. 

11 . A method as claimed in any one of claims 1 to 5» for 
20 removal of psoriasis. 

12. An incoherent or non-laser light source comprising 
a high intensity lamp, a bandpass filter and focusing 
means arranged to yield a light beam having an out- 

25 put intensity greater than 0.075 watts per square 
centimetre for a bandwidth in the range 0 to 30 nm. 

13. A light source as claimed in Claim 12 in which said 
bandwidth is in the range 0 to 25 nm. 

30 

14. A light source as claimed in Claim 12 or Claim 13 
in which the output intensity of said light source is 
greater than 1 watt per square centimetre for a 
bandwidth in the range 20 to 25 nm. 

55 

15. A light source as claimed in Claim 14 which is ar- 
ranged to yield a beam with an output intensity of 6 
watts per square centimetre at a bandwidth of 20 to 
25 nm. 

40 

1 6. A light source as claimed in any one of claims 1 2 to 
15, which Is tunable over a range of at least 350 to 
700 nm. 

^ 1 7. A light source as claimed in Claim 1 6, tunable over 
a range of 250 to 1100 nm. 

18. A light source as claimed in any one of claims 12 to 
1 7, in which the output beam is focused sufficiently 

50 so that light can be delivered by way of an optical 
fibre means or bundle. 

1 9. A light source as claimed in Claim 1 8, in which said 
beam can be focused down to a 6 mm or less diam- 

55 eter. 

20. A light source as claimed in any one of claims 1 2 to 
19. in which the lamp is a metal halide lamp. 
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21. A light source as claimed in any one of Claims 12 
to 1 9, In which the lamp is a high intensity high-pres- 
sure xenon, short arc lamp or any lamp producing 
intense light over a continuous spectrum. 

22. A light source as claimed in Claim 21 in which the 
lamp is less than 1 kW, such as 300 watts or 500 
watts and/or as claimed in any one of the preceding 
claims In which the beam divergence of the lamp is 
very low, for example In the order of 4° FWHM, and/ 
or in which the beam stability is in the order of 1 % 
and/or in which the lamp is adapted to remove ultra- 
violet (UV) radiation from the light beam emerging 
from a lamp window and/or in which the focusing 
means comprises an aspheric lens and/or In which 
said lens Is anti-reflection coated, and/or In which 
the bandpass filter Is at least 50% or 65% efficient 
for light within the transmission bandwidth, and/or 
in which the bandpass filter is 80% efficient or great- 
er for light within the transmission bandwidth, and/ 
or having a dichrolc "hot mln-or" provided to remove 
Infra-red radiation from the beam, and/or having a 
variable attenuator grill or means to vary the power 
output of the light source and/or said light source 
being provided with a readily interchangeable out- 
put window Incorporating a connection matching a 
connection on a fibre optic bundle attachable to said 
light source, and possibly in which the output win- 
dow is provided in a screw cap, and/or said light 
source being a portable light source, and or the light 
source has overall dimensions of 15" by 10" by 6", 
and/or provided with a power supply connected to 
the lamp and/or in which a cooling fan is provided 
at the rear of the lamp and/or the light source com- 
prising a control shutter positioned directly in front 
of the lamp and followed by a, or said, dichrolc "hot 
mirror" or other means to remove infra-red radiation 
and then by the bandpass filter, an, or the, aspheric 
focusing lens and a, or the, variable attenuation 
means and/or in which the light source is provided 
with a control panel at the front thereof in order to 
operate the control shutter for timed exposure and/ 
or in which the control panel incorporates manual 
override switches and/or in which the light source 
is tunable by replacement of the bandpass filter and 
a, or the, dichrolc "hot mirror". 

23. A non-laser light source comprising one or more of 
the following features: 

a. means for supplying a (monochromatic) light 
beam suitable for delivery into a fibre optic bun- 
dle, said light beam having a sufficient intensity 
for a bandwidth useful in PDT (photodynamic 
therapy) and/or in cosmetic methods of derma- 
tological treatment, 

b. means for supplying a light beam of an Inten- 
sity of at least 100 mW per square centimetre 



for a bandwidth in the range 20 to 25 nm, 
c. means for providing a beam of intensity 
greater than .075 watts per square centimetre 
which Is tunable in the range of 250 to 1 1 00 nm. 
5 d. said light source being portable and air 

cooled, 

e. means for delivering a (monochromatic) light 
beam to fibre optic bundles having different 
connector sizes, 
10 f. a bandpass filter of 60 to 90% efficiency or 

greater in a narrow nanometre range (for ex- 
ample less than 25 nm), 
g. facility for interchanging bandpass filters of . 
different characteristics, 
15 h. said non-laser light source being suitable for 

medical applications in particular treatment of 
tumours and/or delivery of light suitable for pho- 
to-inactivation of cancer cells containing a drug 
having an absorption level in a narrow nanome- 
20 tre bandwidth, for example lying in the range 20 

to 25 nm. 

24. A method of in vitro PDT, said method comprising 
delivering non-laser light of a sufficient intensity to 

25 kill cancer cells, preferably of an intensity greater 
than .075 W/cm2 and usually 1 0 to 200 mW/cm2 for 
a bandwidth in the range 20 to 25 nm. 

25. A cosmetic method of treatment of dermatological 
30 conditions, for example comprising removal of 

portwine stains, tattoos or psoriasis, using an Inco- 
herent light beam from a non-laser light source 
emitting a high-intensity beam having an intensity 
greater than 75 mW/cm2 for a bandwidth in the 

35 range 0 to 25 nm, and/or said method comprising 
pulsing said beam, and/or said method being for re- 
moval of portwine stains using a wavelength of 575 
nm, and/or said method being for removal of tattoos 
using a wavelength of 620 nm, and/or said method 

40 comprising the introduction of a drug into the body 
undergoing cosmetic treatment, said drug being se- 
lectively activated by light of a particular wave- 
length. 

45 26. A non-laser light source suitable for medical appli- 
cations, which source is tunable over a bandwkJth 
of 350 to 700 nm and which is capable of focusing 
a light beam for fibre optic delivery at an intensity of 
1 00 mW/cm2 for a bandwidth of 25 nm or less, and/ 
50 or which light source is tunable over a bandwidth of 
250 to 1100 nm, and/or said light source being ca- 
pable of focusing a beam at an intensity of up to 9 
W/cm2 for a bandwidth of 25 nm or less, and/or said 
light source being provided with a timed exposure 
55 facility. 

27. A high intensity incoherent or non-laser light source 
comprising a lamp, a (bandpass) filter and focusing 
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means arranged to yield a monochromatic output 
beam of intensity greater than .075 watts per 
square centimetre which is tunable in the range of 
250 to 1100 nm and which is preferably deliverable 
by a fibre optic bundle or fibre optic means: 
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FIG. 2a. 




—I 1 \ 1 r— 

500 600 700 

WaveJength(nm) 



10 



EP 1 340 520 A1 




11 



EP 1 340 520 A1 




12 



EP 1 340 520 A1 




13 



EP1 340 520A1 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



Application Numter 



which under Rule 45 of the European Patent Convention Q3 Q7 6437 
Shalt be ooneldered, for the purposes of subsequent 
proceedings, as the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cftation of document with indication, where appropriate, 
of relevant iMssagea 



Relevant 
toclagn 



CLASSIFICATION OF TKE 
APPUCATION (lntCI.7) 



FR 2 511 877 A (LICENCIA TALALMANYOKAT 

ERTEKESITO VALLALAT) 

4 March 1983 (1983-03-04) 

* page 3» line 28 - line 32 * 



* page 9, line 8 - page 10. line 30; 
figures 1-7 * 

GB 2 212 010 A (AMCOR LTD.) 
12 July 1989 (1989-07-12) 

* page 4, line 15 - line 23 * 

* page 8, line 28 - page 9» line 5; 
figures 1-3 * 

WO 91 15264 A (M.GUSTAFSSON) 
17 October 1991 (1991-19-17) 

* the whole document * 

WO 90 11105 A (M. MUTZHAS) 
4 October 1990 (1990-10-04) 

* page 10, line 20 - line 34 * 



27 



12,13, 
20,22, 
23,26 
16,22 



12,13, 
20,22, 
23,26 



12,18, 
22,23, 
26,27 



A61N5/06 



12.15-17 



TECHrOCALFIELOS 
SEARCHED (lnLCt.7) 



A61N 

F21V 



INCOIMPLETE SEARCH 



The SeAfoli Diviajon oonsidefB that the present epplioatbn, or one or more of ila dainna, doesAio 
not oofTipty with the EPC to ouoh an extent that a meoninghit »earcli into the state of ttw wt car^ 
be oanied out, or can onty be oarned out partially, for these olaims. 

Claims searched completely : 

12-24, 26-27 

Claims seamhed Inoompletely : 
Cbdm* not SMrohed : 

1-11, 25 

Reason tar the fnAalion of the seaiDh: 

Article 52 (4) EPC - Method for treatment of the human 
or animal body by therapy 



THE HAGUE 



Date o( comptetion ol the search 

14 July 2003 



Exaininer 

Hunt, B 



CATEGORY OF CITED DOCUMENTS 



X : paitoulBrly relevant if taken atone 
Y ' partieif larly relevant if oombined wft 

dooument of ttie same ctt te9 P*Y 
A : teohnologtesl botkgnund 

O: 
P: 



T I theory or prinofsle iindertying the invention 
E : earlier patent dooument, but (Mdifished on, or 

after the ftGng date 
D : docufrant cited in the applioetion 
L : doBumant cited for other reasons 

A ; mentkMT of tlie same patent family, oomsponcSno 



14 



EP 1 340 520 A1 




Patent PARTIAL EUROPEAN SEARCH REPORT AppUeaUonNumbw 

EP 03 07 6437 



DOCUMENTS CONSIDERED TO BE RELEVANT 


CLASSIFICATION OF THE 
APPUCATION Onta.7) 


Category 


CHation of document with indication, where appropriate, 
of relevant passages 


Relevant 
todaim 




A 

A 
A 
A 


B.C.WILSON ET AL.: "The physics of 

photodynami c therapy" 

PHYSICS IN MEDECINE AND BIOLOGY. 

vol. 31, no. 4. April 1986 (1986-04). 

pages 327-360. XP002018138 

LONDON GB 

see page 334, paragraph 3 "Light sources 
for POT" 

see page 335, table 2 

EP 0 023 311 A (F.WOLFF) 
4 February 1981 (1981-02-04) 

* page 3, line 21 - line 24; figures 1-6 * 

EP 0 485 864 A (MAXS AG) 
20 May 1992 (1992-05-20) 

* the whole document * 

WO 92 13597 A (C.PRZYBILLA) 
20 August 1992 (1992-08-20) 

* the whole document * 


12-15, 
20,21,24 

12-15, 
23.26,27 

12.23. 
26.27 

12.23. 
26.27 


TECHNICAL FIEU3S 
SEARCHED (mtClT) 







15 



EP 1 340 520 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 03 87 6437 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Offioe EOP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

14-07-2003 



Patent document 
cited in search report 



Publleation 
date 



Patent family 
nieml]er(s) 



Publioation 
date 



FR 2511877 



84-03-1983 



HU 
AT 
AT 
AU 
AU 
BE 
BR 
CA 
CH 
00 
DE 
DE 
OK 
ES 
FI 
FR 
GB 
HK 
IL 
IN 
IT 
JP 
OP 
JP 
LU 
NX 
MY 
NL 
NO 
SE 
SE 
SG 
US 
ZA 
IE 



186081 
396376 
154182 
563345 
8777682 
894290 
8295145 
1197563 
657991 
204850 
3220218 
8224580 
387982 
8386601 
822946 
2511877 
2105195 
67289 
66643 
158530 
1205269 
1433934 
58073375 
62041744 
84349 
152363 
1488 
8203377 
822871 
452852 
8202568 
75388 
4686986 
8206320 
54663 



B 
B 
A 

82 

A 

Al 

A 

Al 

A5 

A5 

Al 

Ul 

A .B, 

Al 

A ,B, 

Al 

A ,B 

A 

A 

Al 

B 

C 

A 

8 

Al 
A 
A 
A 
A 
B 
A 
G 
A 
A 
Bl 



.B, 
.B, 



GB 2212016 A 



12-07-1989 



IL 
IL 



84367 A 
102125 A 



WO 9115264 A 



17-10-1991 



SE 
AU 
EP 
SE 
WO 
US 



465953 B 
7746291 A 
8533686 Al 
9001298 A 
9115264 Al 
5326618 A 



28-65-1985 
25-64-1990 
15-10-1989 

09- 07-1987 

10- 03-1983 

02- 03-1983 
09-08-1983 

03- 12-1985 

15- 10-1986 
14-12-1983 
17-03-1983 
25-08-1983 
63-63-1983 

16- 09-1983 

03- 03-1983 

04- 03-1983 



1983 
1989 
12-1986 



23-03 

01- 09 
31- 

06- 12-1986 
15-03-1989 

07- 04-1988 

02- 05-1983 
04-09-1987 
07-06-1983 

04- 07-1985 
31-12-1988 

05- 04-1983 
63-63-1983 
21-12-1987 
63-63-1983 

02- 06-1989 
18-08-1987 
28-09-1983 

03- 01-1990 



27-02-1994 
15-04-1997 



25-11-1991 

30- 10-1991 

31- 03-1993 
10-10-1991 
17-10-1991 
14-06-1994 



For more details atxxitlliis annex: seeOfiicialJauinaloftlis EurepeanPatentOHioe, No. 12/82 



16 



EP1 340 520A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 63 07 6437 



IHs annex lists the patent family membere relating to the patent documents cited in the above-mentioned European eearah report. 
IhB members are as contained in the European Patent Office EDP file on 

The European Patent Office ts fn no way fiafale for these perticularB which are merely given for the purpose of information. 

14-07-2803 



Patent document 
dted in search report 



Publication 
date 



Patent family 
memb6r(8) 



Publication 
date 



wo 9011185 



04-10-1998 



WO 
EP 



9011105 Al 
0512980 Al 



EP 0023311 



04-02-1981 



DE 2930458 Al 

AT 2393 T 

AU 6034680 A 

OK 321480 A .8. 

EP 0023311 Al 

FX 802322 A ,B, 

IE 49495 Bl 

JP 56072874 A 

NO 802193 A 



EP 0485864 



20-05-1992 



DE 
AT 
OE 
EP 
ES 



9015721 Ul 
118364 T 
59104596 Dl 
0485864 Al 
2069175 T3 



WO 9213597 



20-08-1992 



RO 
EP 

WO 



104844 Bl 
0525151 Al 
9213597 Al 



Fw more dstaib about ms annex: see OHiciai Journal of the Ewopeon Patent Office, No. 12/82 



04-10-1990 
19-11-1992 



12-02-1981 

15- 03-1983 
02-04-1981 
28-01-1981 
04-02-1981 
28-01-1981 

16- 10-1985 

17- 06-1981 
28-01-1981 



12-03-1992 
15-03-1995 
23-03-1995 
20-05-1992 
01-05-1995 



20-06-1992 
03-02-1993 
20-08-1992 



17 



